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It is the purpose of this paper to present the results obtained
in an experiment designed to determine the effects of increased
iodine feeding upon a herd of sixty dairy cows. The great
number of variable factors encountered, however, prevent the
drawing of any final or even of comprehensive conclusions;
even from the extensive data collected.
We endeavored to conduct this experiment in as scientific
a manner as possible, without too greatly disturbing the routine
of the dairy. The farm employees were carefully instructed and
trained in the collection of specimens. The best quantitative
methods available were used. Nevertheless, it must be borne
in mind that such a study as this, even at its best, cannot pos-
sibly be as accurate as an investigation using laboratory animals,
or even human beings under controlled hospital conditions.
The valuable herd of dairy cows used in this experiment
produces a Grade A raw milk, which is delivered in Columbus,
Ohio.4 It was therefore necessary to protect this privately
owned dairy herd by carefully observing the cows during the
entire experiment. The general health of the cows, the output
of milk and the quality of milk were essential factors to be
conserved. The cows had been previously tested for tubercu-
losis, B-abortus and mastitis.
LITERATURE
A brief review of the literature is first presented in order to
consider the various effects of increased iodine feeding which
have been thus far reported. Several investigators have pre-
viously used both laboratory and domestic animals, as well as
hospital patients.
xThis investigation was aided by a grant from The Iodine Educational Bureau,.
Inc., of New York City.
2William Wallace Kincaid Fellow in Research Surgery.
Publication of this investigation was made possible by a Grant from The
Comly Fund for Medical and Surgical Research of The Ohio State University.
4We express our thanks to Mr. Dan Schaaf and his coworkers for their assistance.
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Marine (1) as early as 1907 stated that iodine-containing
salts had been fed to Michigan sheep to prevent the high death
rate ordinarily then occurring among the new-born. Ten years
later Smith (2) observed the abnormal condition which he
called "Fetal Athyreosis." This state in new-born pigs is char-
acterized by an enlarged thyroid gland, thickened skin,
hairlessness or weakness, and often by still-birth. Smith esti-
mated that as many as 10,000 animals were lost annually in
Montana. Kalkus (3) reported a high incidence of "Fetal
Athyreosis" in horses, cattle, sheep and goats. Furthermore,
breeding difficulties have also been described in pigs of North
Dakota (4) and Wisconsin (5), and similar observations have
been made elsewhere (6) (7).
Hanzlik (8) showed that supplemental iodine feeding is a
factor in the rate of growth of laboratory animals. He observed,
moreover, that rats having a diet rich in iodine maintain a
better general condition than those without such a supplement.
Evvard and Culbertson (9) observed an increase in the rate
of growth of domestic animals subsequent to the addition of
iodine to the diet. They fed 5 milligrams, 43 milligrams and 55
milligrams of potassium iodide per day to a total of 36 pigs.
The increase in the rate of growth averaged ten per cent for all
the pigs even though they ate ten per cent less food. Kelly (10)
reported similar results in the growth of young pigs. Weiser
and Zaitschek (11) studied the size of the litter and the weight
of the offspring. They fed 125 milligrams of potassium iodide
per day to sows during the last three weeks of gestation and
the first ten weeks of lactation. Of the non-iodized group 3.8
pigs per litter were raised whose average weight at the end of
ten weeks of lactation was 13.2 kilograms. Of the iodized
group 7.6 pigs per litter were raised whose average weight was
18.5 kilograms. Other investigators (12) (13) found no essen-
tial differences in the weights of pigs fed amounts of potassium
iodide varying up to one gram.
The effect of increased iodine feeding upon the milk produc-
tion of cows was studied by Stiner (14), Scharrer (15), Weiser
and Zaitschek (11) and Thomson (16). Stiner in 1924 observed
that the addition of iodine to the diet of cows resulted in an
increase of milk production over controls. Scharrer and his
group increased the milk yield 5-10 per cent by adding large
quantities of iodine, 100 to 600 milligrams per day, to the diet
of the cows. Weiser and Zaitschek obtained a seven per cent
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increase in milk production by feeding 125 milligrams of potas-
sium iodide per day.
More recently Thomson (16) made a comparative study on
Ayrshire cows over a period of five years. He used eight cows
as controls and fed seven cows 90 milligrams of iodine per day.
For the five-year period the non-iodized group produced 788
gallons of milk per cow per year while the iodized group pro-
duced only 747 gallons per year. However, a comparison of
these values with those of the first year, in which the non-
iodized cows produced 749 gallons and the iodized cows 626
gallons, show that the iodized cows registered larger gains.
Thomson did not attempt to draw any significant conclusions
from this extensive study.
The normal iodine content of cows' milk has been determined
by numerous investigators. The average iodine content of milk
in goitrous areas is 2.9 meg. per cent,5 but this result is based
upon a limited number of determinations (17). Hanford,
Supplee and Wilson (18) obtained average values of 6.9 in South
Carolina, 3.2 in Wisconsin and 2.7 meg. per cent in New York.
European investigators, as well as investigators in our own
country, have studied the milk iodine values of cows receiving
increased iodine feeding. Scharrer and Schwaibold (19) obtained
milk with only 28.9 meg. per cent iodine from cows fed 100
milligrams per day, 37 meg. per cent for 200 milligrams fed per
day, and 212 meg. per cent for 600 milligrams fed per day.
Hanford, Supplee and Wilson (18) found 25, 40.3 and 181.3
meg. per cent on feeding 3.1, 46. 3 and 198 milligrams per day,
respectively. The milk iodine of the control cows was 6.1 meg.
per cent. Orr and Leitch (20) obtained 33 meg. per cent by
feeding 180 milligrams per day whereas they obtained only
4 to 7 meg. per cent for their control cows. McHargue (21)
elevated the iodine in milk to 40 meg. per cent by feeding iodine.
Other European investigators (22) (23) (24) have shown
that the iodine content of milk from cows and milking goats
increases following increased iodine feeding. None of the
above investigators reports any deleterious effects from the
increased iodine intake.
A previous investigation made within our group (25), using
a herd of Brown Swiss Cows, showed that upon the addition of
approximately 94 milligrams of iodine per day the iodine con-
tent of the milk was found to vary from 0.016 to 0.182 megm. per
6This represents 29 parts of iodine per billion of milk.
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cent, which is a great increase over the normal milk iodine. A
definite increase in blood iodine, urinary excreted iodine and
fecal iodine was also observed. Since, however, no control
cows were available, a comparative study was impossible.
METHODS
Two breeds of cows, Holstein and Guernsey, numbering 30
each, were used in this experiment. These cows were kept in
their normal environment. A study of the cows was made
during the Fall of 1935 and the Winter, Spring and Summer of
1936. The major portion of the study was conducted during
the colder months, November to April, when the cows were
kept under shelter. Later, observations were made when the
cows were turned out to pasture.
Before any increased iodine feeding was instituted, it was
found desirable to obtain a rough idea as to the status of the
normal iodine "balance" of the cows to be studied. Blood was
obtained by vena puncture from each of the sixty cows on
November 19, 1935, for the determination of iodine. On
December 14 to 15, 1935, and on February 15 to 16, 1936, two
one-day "balance" studies were made. Representative samples
for the determination of the iodine content of the feed intake
(water, ensilage, alfalfa hay and a grain mix) were also obtained
and analyzed.
Since the collection of specimens for the determination of
iodine in the excreta required a constant attendant, only six
Holstein and six Guernsey cows were studied. These were
chosen at random, to represent their respective groups. Great
care was exercised to obtain and record all the excreta for the
24-hour period. A representative sample of the pooled spec-
imens of urine and feces was taken for analysis. The amount
of milk yielded in the 24-hour period was carefully recorded
and a composite sample of the two milkings (3:00-5:00 A. M.
and 2:00-4:00 P. M.) was taken for analysis.
On February 16, 1936, the Holstein and Guernsey groups of
cows were.divided into two groups, each composed of 15 cows.
From this time on 15 Holstein and 15 Guernsey cows were fed
continually a grain mixture which contained by actual analysis
3.2 milligrams of iodine per 100 grams of feed. The Ubiko Mill-
ing Company of Cincinnati, Ohio,6 furnished this iodized
•We express our thanks to the Ubiko Milling Company for its cooperation in
this study.
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mixture, a feed prepared as one-twenty-thousandth potassium
iodide or 3.4 milligrams of iodine per 100 grams of feed. Cal-
culations show that the iodized Holstein cows received an aver-
age of 131 mg. of iodine and the iodized Guernsey cows an
average of 95 mg. of iodine per day throughout the year.
The uniodized grain mixture which was fed to the control
group was obtained from the same company. This feed was
essentially the same as that which had been fed both groups
from December 4, 1935, to February 16, 1936.
It was expedient to duplicate the "balance" studies as of
the first part of the experiment previous to the institution of
increased iodine feeding. Therefore, on April 14, 1936, blood
samples were again obtained from all the cows. Milk samples
were obtained which were representative of the 24-hour secre-
tion on April 17 to 18, 1936.
The third "balance" study was made on three cows for each
of the four groups (non-iodized Holstein and Guernsey and
iodized Holstein and Guernsey). This "balance" study was
conducted as was the experiment before iodinization. From
the iodized cows of both breeds, for a period of five months
(June to October, 1936), composite samples of milk were
obtained three mornings a week for iodine analysis.7
All the specimens were analyzed for iodine by means of the
Matthews, Curtis and Brode method (26). This method has
been carefully tested, and yields results precise to 5 per cent
under ideal conditions.
The official dairy tester measured the amounts of feed that
the cows were receiving on April 16, May 22, June 12, July 17,
August 26, September 18 and October 15, 1936. From these
measurements the average amounts of iodine received by both
the Guernsey and Holstein cows in the grain mixture were
calculated for these dates as 128, 67, 82, 113, 125, 120 and 118
milligrams per day, respectively.
RESULTS
The results of this experiment are best presented in table
form. For convenience the non-iodized cows have been called
Group I and the iodized cows Group II.
7The results of feeding of the iodized milk to hospital patients will be reported
in a subsequent publication.
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Table I presents the blood iodine values in November before
supplemental iodine feeding was instituted, and in April after
iodinization. Figure 1 illustrates graphically the marked
elevation of the blood iodine subsequent to the increased iodine
intake.
The results of the one-day "balance" studies are presented
as averages and are as accurate estimations as possible. The
data obtained in the three "balance" studies are shown in
Table II for each of the individual cows. Table III presents
the group averages of the "balance" studies which are graph-
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The blood iodine values of the non-iodized Holstein and Guernsey cows in
November, 1935, and of the iodized and non-iodized cows of
both groups in April, 1936.
An attempt was made to determine whether the iodine in
the iodized milk was in fat or protein combination. The fat
was removed by the Rose-Gottlieb (27) method and the protein
by the method of Osborne and Mendel (28). From 80 to 90
per cent of the iodine remained after removal of the fat and
protein. In this respect our observations confirm those of
Scharrer and Schwaibold (19), who likewise studied milk from
cows fed relatively large amounts of potassium iodide. They,
too, found little iodine in protein or fat combination.
Other data pertaining to milk and butter-fat production,
calf records, general health of the normal control cows and
iodized cows will be presented by Professor O. Erf, who has
collaborated in this work.
FIG. 2. A comparison of the average intake and output of iodine for iodized
and non-iodized Holstein and Guernsey cows on December 15, 1935, February
15, 1936, and August 17, 1936.
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ONE DAY 'BALANCE" STUDY ON H0L5TEIN AND GUERNSEY C0Ws.
FIG. 1. Marked elevation of the blood iodine subsequent to increased iodine
intake by the Holstein and Guernsey cows.












































METABOLISM STUDIES OF COWS
ESTIMATED FOOD INTAKE PER DAY ESTIMATED IODINE EXCRETION PER DAY
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The intake and output of iodine of Holstein and Guernsey cows, iodized and
non-iodized, on December 14KL5, 1935, February 15-16, 1936,
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TABLE III












































































































The average intake and output of iodine of non-iodized and iodized Holstein and
Guernsey cows on December 15, 1935, January 15, 1936, and August 17, 1936.
DISCUSSION
The determination of the blood iodine of the normal cows
by the Matthews, Curtis and Brode method (26) yields iodine
values which approximate our values obtained for human blood
by the same method. Previous to this study blood iodine values
obtained by numerous investigators were, with one or two
exceptions, at a much higher level. Other investigators (29)
(30) (31) present values which confirm the more recent lower
level. In the hands of experienced workers the newer methods
have yielded iodine values which are comparable to the values
obtained in this study.
The blood iodine values for the Holstein cows previous to
increased iodine feeding averaged 4.02 meg. per 100 cubic
centimeters of blood, while those of the Guernsey cows averaged
3.82 meg. per 100 cubic centimeters of blood. This slight
difference is probably not significant. In the April study the
blood iodine values of the non-iodized cows were higher than in
the November study. These higher values may be due to a
slight contamination of the feed or to a seasonal variation; on
the other hand, they may not be significantly different from
those obtained in November in view of the large average mean
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deviations and the smaller numbers of non-iodized cows in
April, one-half those in November.
The blood iodine values of the iodized cows were approx-
imately ten times higher than those of the non-iodized cows.
The increase in the amount of iodine in the blood of iodized
cows with respect to the non-iodized cows of both groups in
November is of the order of 1300 per cent and approximately
the same for the Holstein and Guernsey cows. With respect to
Group I in April, the per cent increase is of the order of 1000.
This illustrates the effectiveness of the amount of iodine being
fed in reaching the blood stream, and consequently in main-
taining a much higher level of available iodine for utilization
by the body.
In a former study within our group the blood iodine of the
iodized cows averaged 54.9 meg. per 100 cubic centimeters of
blood, a value comparable with values obtained in this study;
55.6 meg. per cent for Guernsey and 57.1 meg. per cent for the
Holstein cows.
During the month of April the milk iodine reflected to a
greater degree than the blood iodine the different levels of iodine
fed to the two groups.
The data of the "balance" studies is only approximate,
since accurate estimations of food intake, the obtaining of
representative samples of food for analysis and the collection of
excreta were difficult. The amount of iodine ingested in the
water was considered negligible since the iodine content of the
water was found to be only 0.5 meg. per cent.
The December "Balance" Study
In the December study the six Holstein and the six Guernsey
cows were nearly in balance. The average iodine intake for the
Holstein cows, the greater part of which was found in the grain
mixture, was 18.7 milligrams per day. The average output was
17.5 milligrams per day, which is only 1.2 milligrams below the
intake. The greatest channel of excretion was the feces. The
Guernsey cows during the same period were also nearly in
balance. The average iodine intake of 12.6 mg. was below that
of the Holstein cows. The output of 16.3 milligrams per day
was lower than the output recorded by the Holstein cows,
being 17.5;, and only 3.7 milligrams per day above the intake.
Here again the largest amount of iodine was excreted by way of
the feces. Both the Holstein and Guernsey cows received most
of their iodine from the ensilage and grain mixture.
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The February "Balance" Study
In the February study the Holstein cows were in positive
balance. The average iodine intake was 10.5 milligrams per
day, 6.0 milligrams above the output. The Guernsey cows dur-
ing this period were approximately in balance, the average iodine
intake of 8.2 milligrams per day being 1.2 milligrams per day
above the average output of 7.0 milligrams per day.
The February "balance" was on the whole at a lower level
than the December "balance"; both the intake and the output
of the Holstein and Guernsey cows were on a lower level.
Whereas the ensilage and grain mixture each furnished the
largest amounts of iodine in December, the alfalfa hay was the
chief source in February. The feces, as in the December study,
was the largest channel of excretion of iodine.
The August "Balance" Study
The August "balance" study for a period of increased iodine
feeding shows a quite different picture. Of both the non-
iodized cows and the iodized cows, Guernsey and Holstein, all
but one were in negative balance. This negative balance
averages 12 milligrams and 17 milligrams per cow, respectively,
for the non-iodized Holstein and Guernsey cows of the controls.
The non-iodized Holstein cows showed an intake of 19.1 milli-
grams per day and an output of 27.7 milligrams per day. The
non-iodized Guernsey cows were inx still greater negative bal-
ance, showing an intake of 14.8 milligrams per day and an
output of 29.4 milligrams per day. Of the iodized cows the
Holstein average intake was 186 milligrams per day and the
output 221 milligrams. The iodized Guernsey intake was 94
milligrams per day and the output averaged 97.4 milligrams
per day. The ratios of intake to output for the month of August
are slightly less than 1.0, in all cases but one, in contrast to
the ratios for December and February, which are in general
slightly greater than 1.0.
The differences between intake and output are greater for
iodized cows and therefore more negative. However, a compar-
ison of ratios will show that it is impossible to say that either
the iodized cows or the non-iodized cows were in greater neg-
ative balance. It is true, though, that for a greater iodine intake
there was a greater output. In actual figures the iodine output
of the iodized cows was seven to nine times that of the non-
iodized cows in the case of the Holsteins, but only three to four
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times in the case of the Guernseys. The feces was again found
to be the predominant channel of excretion of iodine for both
the Holstein and the Guernsey cows.
The iodine intake of the cows during this period of pasturage
varied greatly. The alternating drought and rain varied both
the amount of exercise the cows obtained and the amount of
food consumed. When pasturage was available, less feed and
more grass was consumed. The reverse was true when none
was available. Of all the feeds the grain mixture at this time
contained the highest concentration of iodine.
The great negative balance of the cows may be due to (1)
increased consumption of unaccountable iodine; (2) increased
activity of the cows during pasturage; (3) continued excretion
of iodine previously ingested in larger amounts.
To explain the great variation of the composite milk samples
collected during the mid-year, the following facts must be con-
sidered. During the late spring and early summer the pasturage
was abundant. Simultaneously iodized cows were fed lesser
amounts of grain mixture containing added potassium iodide.
In midsummer the grass in the pastures became scarce because
of the extensive drought. Beginning late in June the cows were
fed larger amounts of grain mixture.
An average analysis of a few grains and hays in goitrous
regions yielded a result of 30 meg. per cent (32). Forbes et al
(13) found only 10 meg. per cent in Pennsylvania. Remington
and Supplee (33) found an average of 45 meg. per cent for hog
feed in South Carolina.
Ohio is generally considered to be a goitrous region. Several
factors, however, may vary the iodine content of the plants of
the pasture. Commercial fertilizer has been shown by investi-
gators (20) to increase the iodine content of plants. Also, the
feces of the cows, especially those receiving increased iodine
feeding, would be a source of iodine for the plants.
Our determinations in February on the milk iodine values of
our control cows were similar to those of other investigators men-
tioned in the literature. Those in April on the non-iodized cows
were slightly higher. Those in December and in August were
much higher.
The values of the iodine content of the milk of the iodized
cows contrast with those obtained by authors mentioned in the
literature. Our values for Holstein and Guernsey cows in April
were 203 meg. and 149 meg. per cent respectively, and beginning
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May 23 they averaged 80 meg. per cent for the five months
midyear (34).
The effectiveness of the use of milk containing increased
iodine as a goiter prophylactic has been demonstrated both for
man (35) and for experimental animals (36).
SUMMARY
Since this study, unlike our previous investigation, involved
a control group of both breeds of cows used, several features of
the increased iodine feeding may be noted.
No deleterious effects of the increased iodine feeding were
detected. The iodized cows were apparently in as good health
as the non-iodized cows.
The iodized cows were found to have blood iodine values ten
times that of the control cows, a difference approximately of the
order of 1000 per cent. It should be noted that the blood iodine
values of the control cows are comparable to the values obtained
for normal human blood.
In the ''balance" studies an outstanding feature is that
increased iodine feeding to dairy cows results in increased
iodine content of the milk. Variations, however, do occur in the
ratio of iodine in the milk to the total amount of iodine ingested.
Where the iodine content ingested is increased tremendously,
the increase in iodine in the milk may be even far greater than
that expected from the consideration of a direct proportion.
The dependence of the amount of iodine in the milk upon the
amount of iodine in the food is thus firmly established. The
amount of iodine in the milk seems to be independent of the
volume of milk produced by the cow.
On high iodine intake the iodine in the milk is much greater
than the iodine in the blood; on low iodine intake the iodine in
the milk may be below the normal value.
The ratio of iodine intake to output is in all cases approx-
imately equal to 1.0, being greater than 1.0 for the months of
December and February and slightly less than 1.0 in August, a
month in which the balance was consistently negative. The
feces was in all cases the chief channel of excretion of iodine,
approximately 70 per cent of the output of iodine being through
this channel.
Feeds of the control cows were found to be considerably
higher in iodine content than those reported from other goitrous
regions. Similarly, milk from these cows was found to contain
a larger concentration of iodine.
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